An up to 180 m-thick debris avalanche deposit related to Ferrar large igneous province magmatism is observed at central Allan Hills, Antarctica. This Jurassic debris avalanche deposit forms the lower part (member m 1 ) of the Mawson Formation and is overlain by thick volcaniclastic layers containing a mixture of basaltic and sedimentary debris (member m 2 ). The m 1 deposit consists of a chaotic assemblage of breccia panels and megablocks up to 80 m across. In contrast to m 2 , it is composed essentially of sedimentary material derived from the underlying Beacon Supergroup. The observed structures and textures suggest that the breccias in m 1 were mostly produced by progressive fragmentation of megablocks during transport but also to a lesser extent by disruption and ingestion of the substrate by the moving debris avalanche. The upper surface of the debris avalanche deposit lacks large hummocks, and sandstone breccias dominate volumetrically over megablocks within the deposits. This indicates pervasive and relatively uniform fragmentation of the moving mass, and probably reflects the weak and relatively homogenous nature of the material involved. The avalanche flowed into a pre-existing topographic depression carved into the Beacon sequence, and flow indicators reveal a northeastward movement. The source area is probably now hidden under the Antarctic ice sheet. Sparse basaltic bodies, which were hot and plastic during transport in m 1 , reveal the role of Ferrar magmatism in triggering the avalanche, possibly in relation to the emplacement of large sub-surface intrusions. The documented deposits indicate that debris avalanches are among the various phenomena that can accompany the early stages of large igneous province magmatism, despite the common absence of large central volcanic edifices. Where large igneous provinces develop in association with faulting, or slow pre-eruptive uplift accompanied by deep valley incision, there is a high probability that feeder dikes will approach the surface in areas of steep topography, allowing volcano-seismicity and fluid overpressures associated with intrusion to effectively trigger avalanches.
INTRODUCTION
Debris avalanches, also known as Sturzstroms, result from sudden collapses of large volumes of rock (typically 0.1 to 50 km 3 ) that affect the flanks of mountains, including volcanoes (Hsü, 1978; Ui, 1983; Siebert, 1984) . Debris avalanches are high-speed mass movements that start as landslides and transform into granular flows during transport as a result of internal fragmentation (Voight et al., 1983; Glicken, 1991) . They are characterized by high mobility, which is reflected by horizontal travel distances 3 to 20 times greater than the vertical travel distances or vertical drop (Ui, 1983; Voight et al., 1985) . The actual mechanism allowing the high mobility of debris avalanches is still under consideration; proposed emplacement models include an "hovercraft" air-layer lubrication mechanism, a mechanical fluidization model (based on dispersive grain flow), a mass loss model, a seismic energy fluidization model, etc., and address both dry and water-bearing rock (see Ui et al., 2000, and Legros 2002 for reviews) . In volcanic settings, debris avalanches are common occurrences at stratovolcanoes where steep topography and rapid accumulation of lava flows on top of friable volcaniclastic material promote instabilities. In this paper we describe a debris avalanche related to the emplacement of a mafic large igneous province, an unusual setting for this type of event.
Large igneous provinces are often thought to consist exclusively of lava flows and shallow intrusions, but mafic volcaniclastic deposits are increasingly recognized to form a significant component (e.g., Elliot, 2000; Jerram, 2002; Ukstins Peate et al., 2003; Ross et al., 2005 and references therein). These mafic volcaniclastic rocks are commonly interpreted to have a phreatomagmatic origin and include tuff rings, hyaloclastite deltas, vent-filling lapilli-tuffs, and the deposits of pyroclastic density currents and lahars, but to our knowledge, no debris avalanche deposits have been previously documented in association with them, or with large igneous provinces. We have identified a debris avalanche deposit associated with the Ferrar large igneous province at Allan Hills, Antarctica; our aim here is to review the characteristics of this deposit, discuss its origin, and outline possible implications for the emplacement of the Ferrar province and large igneous province volcanism in general.
fine to coarse sandstone and siltstone. Sandstones in the Weller Coal Measures and the Lower Feather Sandstone are very quartzitic, whereas those in the Upper Feather Sandstone and Lashly Formation include more lithic fragments. The Lashly Formation has been divided into four members: (A) alternating sandstone and greenish to gray mudstone (49 m thick), (B) massive sandstone (54 m thick), (C) alternating coal measures, greenish to gray mudstone and fine sandstone (137 m thick) and (D) medium to coarse grained quartzitic sandstone (85 m thick). The sandstones in members A, B and C are impure and distinctively include volcanic fragments.
We formally subdivide the Mawson Formation at Allan Hills into two members: m 1 consisting almost exclusively of Beacon fragments (and interpreted as a debris avalanche deposit) and m 2 characterized by abundant (20-85%) basaltic material. In southern and central Allan Hills, m 2 consists principally of ∼1-15 mthick volcaniclastic layers dominated by poorly sorted, internally structureless coarse lapilli-tuffs and tuffbreccias . At nearby Coombs Hills, the composition and texture of the Mawson Formation is similar, but no layering is observed except near the top, and the deposits are interpreted to fill a >5 km-wide vent complex (McClintock, 2001; White and McClintock, 2001; Ross, 2005, Ross and White, submitted) . Deposits similar to m 2 in composition are volumetrically dominant in Mawson correlatives in North Victoria Land (Elliot et al., 1986) , the Prince Albert Mountains (Elliot, 2002) , and the Central Transantarctic Mountains (Hanson and Elliot, 1996; Elliot and Hanson, 2001 ). Overall, m 2 deposits and correlatives are interpreted as the products of explosive interaction between rising basaltic magma and wet sediment or weakly consolidated sedimentary rocks (mostly the top half of the Beacon Supergroup) (Hanson and Elliot, 1996; Elliot and Hanson, 2001; White and McClintock, 2001) . A hydromagmatic origin is inferred for most mafic volcaniclastic deposits associated with large igneous provinces . The dominant transport mechanism for m 2 -type Mawson deposits is subject to debate, and certainly varies among localities. For different sites, various authors favor horizontal transport in lahars or pyroclastic density currents filling pre-existing depressions (Elliot, 2000; Elliot and Hanson, 2001; or vertical transport in volcanic vents (White and McClintock, 2001; McClintock and White, 2005; Ross and White, submitted) .
The m 1 member has been observed only at central Allan Hills (Fig. 2a) . Both Ballance and Watters (1971) and Elliot and Hanson (2001) noted the abundance of sedimentary material in the lower part of the formation at Allan Hills (our m 1 member), but assigned a common laharic or mudflow origin to the whole formation. To explain the great abundance of Beacon material in the lower part of the Mawson Formation (m 1 ), Ballance and Watters (1971) proposed that "the lower portions of the mudflow(s) picked up a great deal of Beacon Group debris as it (they) moved into the valley". Recently, Bornholdt (2001) , Lockett and White (2002) , Lockett (2003) and Elliot et al. (2004) suggested that the Mawson Formation on northern Mt Watters represent vent-filling phreatomagmatic deposits and debris avalanche deposits produced by collapse of the vent walls. As part of this study, we reinvestigated m 1 on the flanks of Mt Watters and extended our observations to the western sector of central Allan Hills. We propose that m 1 represents a voluminous debris avalanche that mobilized the top of the Beacon Supergroup (mostly the Lashly Formation), probably as a result of intrusion of Ferrar dikes, and spread northeastward in a preexisting topographic trough.
OBSERVATIONS

Geometry and volume of m 1
The contact between m 1 and the substrate (Beacon Supergroup) varies in altitude from ∼1800 m a.s.l. in Feistmantel Valley to slightly over 1900 m on the north slope of Mt Watters (Figs. 2 & 3) . The geometry of the contact suggests that the Feistmantel Valley area was already a topographic depression at the time m 1 was deposited (Ballance and Watters, 1971 ; section A-A' on Fig. 2 ). Lashly Formation (member D?) crops out at ∼2030 m a.s.l. on Roscollyn Tor, 5 km northeast of Feistmantel Valley (Fig. 3) , implying that the depression was demonstrably at least 230 m deep, relative to flanking highlands on the northeast side. The trough was almost certainly somewhat deeper, because the top of the Lashly Formation is eroded at Roscollyn Tor, and an overlying formation or member containing silicic tuffs, equivalent to the Hanson Formation in the Central Transantarctic Mountains and preserved as clasts at Coombs Hills, has been removed (Elliot, 1996; Elliot et al., 2004) ; Collinson et al. (1983) suggested a depression 500 m deep.
The m 1 deposits are covered by volcaniclastic layers (m 2 ) that display sub-horizontal bedding at outcrop scale. The altitude of the contact with m 2 and the thickness of m 1 vary at kilometer scale ( Member m 1 is exposed over approximately 8.7 km 2 in central Allan Hills; assuming, for simplicity, a uniform thickness of 180 m gives an inferred original volume of about 1.6 km 3 for the exposure area alone. It appears very likely (but cannot be proven) that m 1 extends at least some distance under m 2 in southern Allan Hills, which would increase the inferred m 1 volume to at least 2 km 3 .
Internal characteristics of the m 1 member
The deposit of interest can be described overall as a chaotic assemblage of breccia panels and megablocks. The latter, which are by convention >2 m in size and may not be angular in shape, represent a small but ubiquitous portion (<10%) of m 1 (Fig. 4) . Although megablocks are found dispersed throughout the member, their distribution is not uniform, and a zone of accumulation is observed on the northern side of Mt Watters (Figs. 2b, 5) . Three lithological types of megablocks may be distinguished there (Table 1) ; the character of megablocks present in Feistmantel Valley is summarized in Table 2 .
Sandstone breccias, with or without megablocks, constitute 90-95% of the m 1 member. In detail, breccias show highly variable textures and compositions. Four principal types are distinguished according to their componentry, granulometry, contact geometries, and relationship (or lack of) with megablocks; these are labeled BX1 to BX4. The distribution of the breccia types is shown on figure 2b, photographs are presented in figure 6 and summary descriptions are given in Table 2 . Figure 7 shows the point-counted size distribution and componentry for two of these types.
Although four types of breccia can be distinguished, the contacts between them are generally difficult to draw. The transitions from one type to another are progressive and can occur over distances varying from a few tens of centimeters to hundreds of meters.
Deformation of the substrate
Two different styles of substrate deformation are observed where m 1 lies on Weller Coal Measures (WCM) versus Feather Sandstone. In Feistmantel Valley, where m 1 overlies interbedded sandstone, siltstone and coal of the Weller Coal Measures, the contact is sharp and erosive. The top 1-5 m of the substrate is slightly fractured to totally brecciated, and locally folded. WCM clasts are often incorporated within m 1 , forming trails that indicate transport toward the northeast (Fig. 8 ). Where WCM beds have been folded, the folds have amplitudes between 1 and 5 m and have north-northwest trending axes and subvertical axial planes, perpendicular to the inferred transport direction of m 1 (Fig. 9) . Deformation within the WCM is principally in the form of fragmentation and block rotations. The WCM beds are only deformed at the contact with m 1 , indicating that the folds and fractures are related to emplacement of the member and result from compression, ephemeral dilation (Pollet and Schneider 2004) , and shear of the substrate by the moving mass of debris.
On northern Mt Watters, where m 1 lies on medium to pebbly sandstones and siltstones of the lower Feather Formation, the contact is gradational. Nondeformed cross-bedded sandstones pass vertically to in situ brecciated sandstones and ultimately to matrixsupported breccias (BX3) (Fig. 5) . Within the more intensely in situ brecciated sandstones, the original bedding has been almost completely erased and only crude variations in grain size can be observed (Fig. 10a) . The original beds now form wavy horizons. Siltstone interbeds are fragmented, tilted and slightly dispersed but still form recognizable levels. Locally, sandstone beds are brecciated and the fragments tilted (Fig. 10b) . The tilted fragments systematically dip toward the eastnortheast (Fig. 11) . Disruption of the sandstones is generally not continuous upward. Tilted fragments with almost no matrix between them, as in figure 10b, often lie on disrupted wavy horizons (Fig. 10a) . The in situ brecciated sandstones grade progressively upwards into typical BX3 breccias with 60-90% sandy matrix. The transition from non-deformed sandstone to BX3 occurs generally over 2-3 m vertically (locally up to 5 m).
These features suggest that shearing at the base of the flow that deposited m 1 resulted in the rotation of the fragments within the in situ brecciated level of Feather Sandstone; the orientation of these rotated domains implies a transport direction toward the east-northeast in accordance with the structures observed at lower elevations in Feistmantel Valley.
ORIGIN OF m 1 DEPOSITS
In summary, important characteristics of m 1 at central Allan Hills are: (1) an absence of bedding in a chaotic deposit up to 180 m thick; (2) the presence of megablocks up to 80 m in size; (3) fragmentation of the megablocks, which often show jigsaw textured cores; (4) the presence of distinct breccia domains with lateral and vertical gradations; and (5) dispersion of the fragments from the megablock rims into the surrounding breccias. Such features are ubiquitous in debris avalanche deposits, both in non-volcanic and volcanic settings (Shreve, 1968; Ui, 1983; Siebert, 1984; Glicken, 1991; Abbott et al., 2002) . This very strongly suggests that m 1 represents the deposits of a debris avalanche. Elliot and Hanson (2001) proposed a phreatomagmatic origin for the whole of the Mawson Formation at Allan Hills. Except for portions of BX1 where large basaltic bodies are found, however, m 1 lacks glassy basaltic fragments, and has no dispersed ones of ash and lapilli size. In the absence of widely dispersed small fragments representing newly fragmented magma (or even recycled magmatic clasts), there is no reason to interpret m 1 as "phreatomagmatic", or even "pyroclastic". In m 2 and other demonstrably phreatomagmatic deposits, juvenile clasts of ash and lapilli size are intimately mixed with accidental material, or the deposits consist almost exclusively of juvenile material.
The similitude in lithology between the sedimentary fragments within BX1 and BX2 and the megablocks enclosed in these breccias, as well as the observed progressive dispersion of the fragmented megablocks, suggest that BX1 and BX2 represent the final products of megablock disaggregation during transport within a debris avalanche. BX3 breccias differ in that they do not host megablocks of similar lithology, but instead resulted from fragmentation and mobilization of the Lower Feather Sandstone in response to the passage of the debris avalanche (details below). BX4 breccias also result at least partly from fragmentation of the substrate by the overriding debris avalanche and incorporation of Weller Coal Measures clasts and megablocks.
Large ovoid to spherical basaltic bodies in m 1 are not extensively internally fragmented, as opposed to sedimentary megablocks in m 1 and lava megablocks in other debris avalanche deposits (e.g. Ui, 1983; Siebert, 1984; Glicken, 1991; Reubi and Hernandez, 2000) . We suggest that these basaltic bodies were hot and plastic during transport based on their shape, lack or low degree of fragmentation, and the common presence of a chilled margin. The most likely source for these bodies would be dikes or sills emplaced within the Beacon Supergroup shortly before or at the time of debris avalanche initiation (Fig. 12a) . During transport, disruption of the moving mass would result in separation of the stillplastic basalt into multiple domains and their dispersion within the breccias being formed at the same time by fragmentation of the Beacon Supergroup sedimentary rocks (Fig. 12b) . The presence of these basalt bodies in m 1 clearly demonstrates an incidental relationship between the debris avalanche and the emplacement of the Ferrar large igneous province, the only magmatic event known to have occurred in this region at the time of m 1 .
Source area of the debris avalanche
The lithology of the sedimentary megablocks within m 1 indicates that the initial slope failure released Lashly Formation, probably members C and D and the overying silicic tuff layers (Fig. 12a) . The inferred transport direction for the debris avalanche -toward the northeast -would suggest a source situated roughly southwest from the deposits. Debris avalanches flowing in constricted topography, however, can be deviated strongly by transverse walls (e.g. Francis and Wells, 1988; Glicken, 1991; Schneider et al., 1999 ). Consequently we can only infer that the source is situated in the sector southeast to northwest of central Allan Hills. Thick glaciers now cover most of this region (Fig. 1b) , and none of the isolated outcrops in the area south of Allan Hills expose Beacon rocks; the source of the debris avalanche cannot be more precisely located. In southern Allan Hills, m 2 crops out down to ∼1915 m a.s.l., and the base of the Mawson is not visible (Grapes et al., 1974; , indicating that it is an improbable location for the source. At Coombs Hills, ~10 km southeast of central Allan Hills (Fig. 1b) , the Lashly Formation outcrops to ~2000 m in altitude (Grapes et al., 1974) . If the source were situated there, it would imply a travel distance (L) of ~13 km for a vertical drop (H) of ~100 m, which gives a Heim coefficient H/L of 0.007 far under that observed for other volcanic and non-volcanic DAs, which have H/L ratios between 0.05 and 0.3 (Ui, 1983; Voight et al., 1985) . If a H/L ratio of 0.05 is assumed, the source would have been located within 4 km of the observed deposits if the Lashly Formation occurred at a maximum altitude of 2000 m. The Lashly Formation may have occurred at a higher altitude in the sector southeast of central Allan Hills, however, as suggested by the presence of sandstone rafts in the Mawson Formation at least 2250 m a.s.l. at Coombs Hills. These rafts are inferred to have slumped from the vent walls within a large phreatomagmatic vent complex (White and McClintock, 2001) . With a potential H as great as 500 m, a H/L ratio of 0.05 would allow a source as much as 10 km from present outcrops.
Trigger mechanism
As nothing is known about the topographic and structural configuration of the source area, the causes of structural failure that produced the debris avalanche remain speculative. The m 1 deposits consist of >90% Beacon Supergroup sedimentary material, which implies that the volume that collapsed was not a volcanic edifice, but the upper portion of the Beacon Supergoup. Factors that may have contributed to the collapse could include steep dip slopes of Beacon rocks, or oversteepened topography. The first hypothesis is unlikely, because observed Beacon strata are generally sub-horizontal (except locally above some Ferrar sills) and no tectonic event that would have resulted in extensive tilting is known to have affected this region after deposition of the Beacon Supergroup. The Mawson Formation is inferred to have been deposited within basins formed by regional extension (Elliot and Hanson, 2001) . In this context, oversteepening produced by normal faulting may be the most likely cause of slope instability (Fig. 12a) . The presence of large basaltic bodies within m 1 suggests that emplacement of dikes and sills within the Beacon may be a factor that contributed to the collapse. A relationship between magma injection and landsliding is commonly observed in volcanic environments (e.g. Siebert, 1984; McGuire, 1996; Masson et al., 2002) . Dikes may promote collapse as a result of displacements related to magma injection, associated seismic activity, or by increasing pore pressure of groundwater in surrounding rocks (Siebert, 1984 , Day, 1996 Elsworth and Voight, 1996) . In summary, we suggest that a combination of normal faulting and contemporaneous emplacement of shallow intrusions is the most likely cause of the catastrophic collapse that produced the debris avalanche deposits observed in central Allan Hills.
PARTICULARITIES OF THE m 1 DEBRIS AVALANCHE
The debris avalanche deposit studied differs from others in lacking evidence for a hummocky surface; containing relatively few megablocks, particularly in its upper part; and having relatively strong interactions with substrate rocks.
Lack of hummocks
The m 1 -m 2 contact, representing the upper surface of the debris avalanche deposit, is relatively flat, displaying no significant hummocks (Fig. 12c) . The lack of hummocks is unusual among debris avalanche deposits, particularly examples related to volcanic edifices, which show hummocky surface morphologies (Ui, 1983; Siebert, 1984; Glicken, 1991) . Where they exist in other debris avalanche deposits hummocks mostly consist of variably fragmented megablocks, and their size often decreases away from the source, suggesting that they represent domains of the collapsed mass that are progressively broken up into smaller megablocks during transport (Ui, 1983; Siebert, 1984; Clavero et al., 2002) . Although not common, debris avalanche deposits lacking hummocks have been described previously (e.g., Naranjo and Francis, 1987; Francis and Wells, 1988; Reubi and Hernandez, 2000) . The primary control on the surface morphology of debris avalanche deposits is inferred to be the nature of the landslide material. Debris avalanche deposits consisting of weak material (mostly pyroclastic fragments for volcanic cases) show gently undulating surfaces, whereas those consisting of stronger material show pronounced hummocky surfaces (e.g. Naranjo and Francis, 1987; Reubi and Hernandez, 2000) . In the m 1 case, the yellow sandstone megablocks present in the top portion of the debris avalanche deposits (Fig. 5) have complex shapes, and form flame structures in the surrounding breccias -this suggests that they were poorly consolidated during transport and behaved in an almost fluid-like manner. The presence of such weak material in the upper parts of the collapsed section is likely to be an important factor in the apparent absence of hummocks.
Scarcity of megablocks
A second particularity of m 1 is the high proportion of breccias relative to megablocks, which suggests pervasive and relatively uniform fragmentation of the moving mass. This likely resulted from two factors: (i) the relative weakness of the rocks involved, and (ii) the more homogeneous nature of material in m 1 compared to that in debris avalanches related to volcanic edifices, which typically comprise very weak pyroclastic deposits or hydrothermally altered material, interbedded with resistant lava flows or domes. As a result, the moving m 1 mass was more homogeneously fragmented, producing a high proportion of breccias relative to megablocks (Fig. 12c) . The dearth of megablocks in the upper part of m 1 would also have contributed to the absence of hummocks. A good illustration of the influence of the mechanical homogeneity of the source material is provided by the Blackhawk landslide, which consists almost exclusively of limestone fragments no more than 20 cm in size and lacks megablocks (Shreve, 1968) .
Interactions of the debris avalanche with the substrate
A sharp and erosive contact with the substrate, as observed in Feistmantel Valley, has been described for several debris avalanches (Siebe et al., 1992; Schneider and Fisher, 1998; Abbott et al., 2002) . Folding of the substrate material has also been reported previously (Siebe et al., 1992; Belousov et al., 1999; Clavero et al., 2002) . We propose that these features are likely to be commonly associated with debris avalanches, and reflect intense shearing, compression, and ephemeral dilatation of the substrate. The roles of shearing and compression are clear, but dilatation in response to kinetic energy transfer to a fractured, granulating substrate (Pollet and Schneider, 2004 ) allows more fluid-like response of substrate materials, and can facilitate folding, or injection of substrate material as clastic dikes. Less common are gradational contacts like those observed on northern Mt Watters, where intact Feather Sandstone progressively grades upwards into matrix-rich sandstone breccias (BX3) that form a discontinuous layer, generally ≤10 m thick but locally up to 80 m thick, at the base of the debris avalanche deposit (Fig. 12c) . The Feather sandstones were brecciated in situ as were those of the Weller Coal Measures, but in many places disruption and mobilization of the sandstones occurred through loss of cohesion between quartz grains. Basal layers of structureless sand and pebbles originating from the substrate have been observed for other debris avalanche deposits (Shreve, 1968; Clavero et al., 2002) , although they are normally less than 1 m thick. The presence of sediments rafted within the basal layer of the Parinacota debris avalanche (Clavero et al., 2002) suggests that these layers form by ingestion and fragmentation of substrate blocks, whereas BX3 breccias clearly result from in situ disruption of the substrate. The factors most likely to have resulted in internal disaggregation of the sandstones, rather than fragmentation into blocks, are a low degree of original consolidation/cementation, in part itself the result of the coarse grain size and the good sorting, of the Lower Feather Sandstone. Such rocks can probably be readily transformed into a non-cohesive granular material given a minimal mechanical energy input from the overriding debris avalanche. Grain collisions induced by ground shaking or shearing may ultimately result in dilation and mobilization of this material (e.g. Pollet and Schneider, 2004) . Alternatively, sand mobilization might have been related to temporary liquefaction of water-saturated sedimentary rocks due to sudden loading and shaking in relation with the passage of the debris avalanche (Legros, 2002) .
In summary, different types of contacts with the substratum in Feistmantel Valley and northern Mt Watters reflect the nature of substrate rocks. Where the rocks were somewhat resistant, shaking and shearing by the debris avalanche resulted in brecciation and deformation of the substrate (Weller Coal Measures in Feistmantel Valley), with fragments of brecciated substrate picked-up by the debris avalanche. In contrast, where the substratum consisted of coarse-grained, poorly indurated sandstones, loading, shaking and shearing by the debris avalanche resulted in loss of cohesion, due to dilation through grain collisions and/or liquefaction, and this ultimately led to mobilization of the Lower Feather on northern Mt Watters.
IMPLICATIONS FOR LARGE IGNEOUS PROVINCES
To our knowledge, this paper presents the first description of a debris avalanche related to large igneous province magmatism. Considering the enormous volumes of magma emplaced as, or transiting through, dikes or sills during large igneous province formation, large-scale collapse of country rocks are almost certain to be common if steep topographies are present. Steep slopes are likely to be particularly common within large igneous provinces in which tectonic extension precedes or occurs synchronously with volcanism, but may also develop by fluvial incision in situations where there is uplift of an erodible substrate in conjunction with strong runoff. For example, steep walls produced by incremental normal faulting over time encourage wallrock collapse, and magmatic intrusions can provide a trigger for outsized events. At central Allan Hills, the sparsely basalt-bearing debris avalanche deposits constitute the oldest record of mafic Jurassic volcanic activity. The occurrence of debris avalanches during the early stages of continental large igneous province formation could be relatively common, but progressive flooding of the landscape by lava flows and volcaniclastic deposits would prevent subsequent collapse and hinder identification of the earliest deposits in provinces with lesser (or significantly greater) degrees of erosion than the Ferrar. We infer that large igneous provinces having significant steeply sloping topography prior to eruptions should also have common debrisavalanche deposits. This is because magma is delivered to the land surface at numerous sites in a large igneous province, yielding a high probability that feeders to the surface will pass near unstable slopes susceptible to collapse.
In conclusion, debris avalanches appear to be one of the variety of phenomena that can accompany large igneous province volcanism, despite the common absence of large central volcanic edifices. The m 1 case suggests that in the context of large igneous province volcanism, destabilization of the substratum by intruding magmas results in lateral collapse and formation of debris avalanches providing the preexistence of steep topographies. 
ACKNOWLEDGMENTS
